To compare the survival of human fibroblasts in freeze-dried irradiated platelets, fresh concentrated platelets, or foetal bovine serum. Methods. 3, 10, 30, and 100 µg protein/ml of freezedried irradiated platelets or fresh concentrated platelets, or 5%, 15%, and 50% of foetal bovine serum were each added to the culture medium with human fibroblasts. Controls had no growth factors or serum added. The initial number of fibroblasts was 5000 per well plate. After 72 hours of incubation, the number of living fibroblasts was measured using the MTT (dimethylthiazol diphenyl tetrazolium bromide) assay. Inter-and intra-group differences were compared. Results. After 72 hours of incubation, the number of living fibroblasts was highest in wells with foetal bovine serum, followed by fresh concentrated Comparison of fibroblast survival in freezedried irradiated platelets, fresh concentrated platelets, or foetal bovine serum
INTRODUCTION
Wound healing consists of destructive and reparative processes. 1 In the former, inflammatory cells, especially macrophages, produce matrix metalloproteinases to facilitate removal of dead tissues. In the latter, fibroblast proliferation and circulation regeneration occurs. Many growth factors induce fibroblast activity in wound healing, especially platelet-derived growth factor (PDGF). 1 Autologous platelet-rich plasma has been used to promote wound healing, but in patients with delayed wound healing, their underlying condition may compromise PDGF activity. 2, 3 Allogenic platelet-rich plasma is therefore used for topical application. Fresh allogenic platelet-rich plasma and PDGF gel have more cell proliferative activity and have been trialled in vitro and in vivo, with acceptable results, but have a short lifespan (one month) and can carry blood-transmitted diseases. Freeze-dried irradiated platelets can be preserved for a longer time, have a lower risk of transmitting diseases, are easier to apply to the wound, and their concentration can be standardised. We therefore compared the survival of human fibroblasts in freeze-dried irradiated platelets, fresh concentrated platelets, and foetal bovine serum.
MATERIALS AND METHODS
Seven allogenic platelet-rich plasma packs were collected from a blood bank on the same day and passed standard screening. Those with packing problems and containing <30 ml were excluded. The mean platelet count was 8.9 (range, 6.3-10.9) x10 10 per bag of 60 ml. The platelet-rich plasma was separated from the whole blood using centrifugation at 2826 rpm for 5 minutes to extract the red cells out and then at 3846 rpm for 7 minutes. Most of the plasma was separated from the platelets using centrifugation at 3000 g for 30 minutes. The remaining plasma was washed out with phosphate-buffered saline. Half of the fresh platelets were kept at 8ºC for 5 days; the other half were freeze-dried at -70ºC for 72 hours and then sterilised by a gamma radiation dose of 25 kGy. [4] [5] [6] [7] The freeze-dried irradiated platelets were kept in a vacuum container at room temperature.
Fibroblasts were taken from a normal donor after death with type-O blood group. The initial number of fibroblasts was 5000 per well plate, measured by a bright line haemocytometer using a light microscope. The number of platelets per µm 2 in 10 random areas was recorded. After adding freeze-dried irradiated platelets, fresh concentrated platelets, or foetal bovine serum, the total volume of each culture medium (Dulbecco's Modified Eagle Medium) well plate was 200 µl.
In groups A and B, 3, 10, 30, or 100 µg protein/ml of freeze-dried irradiated platelets or fresh concentrated platelets, respectively, were added to the medium.
The amount of platelet protein was measured using the Bradford protein assay; normal saline was used for dilution. Each subgroup had 21 samples. In group C, 5%, 15%, or 50% foetal bovine serum was added, whereas group D was the controls with no growth factors or serum added. Each subgroup had 8 samples.
The plates were then placed in a carbon dioxide cell culture chamber with 5% carbon dioxide concentration at 37ºC, and the fibroblasts were incubated for 72 hours in pH 7.1 to 7.2 culture media. The number of living fibroblasts in each sample was measured using the MTT (dimethylthiazol diphenyl tetrazolium bromide) assay. Living fibroblasts changed MTT to formazan crystals and there was an associated colour changed from yellow to purple. Opacity was the indirect representation of the number of living fibroblasts and measured using a spectrofluorometer with a wavelength of 570 nanometers. The measurement was calibrated between 500 and 80 000 cells per plate. Data in each group were normally distributed according to the Kolmogorov-Smirnov test. Intra-and inter-group differences were compared using a pairwise test.
RESULTS
After 72 hours of incubation, the mean number of living fibroblasts was highest in group C, followed by groups B, A, and D, and was positively correlated with the amount of platelets/serum added (Tables 1  and 2 ). Inter-group differences between controls and each of the other groups were significant. Intra-group differences were significant in all subgroups in group B (except B3 vs B4) and in group C.
DISCUSSION
Platelet-rich plasma can restore haemostatic function in patients with thrombocytopenia, but has a 5-day shelf life owing to possible bacterial contamination and loss of haemostatic function. Freeze-dried irradiated platelets can be preserved for 21 days and entail a lower risk of blood-transmitted diseases. They can be used as topical agents to promote healing of chronic wounds, 8 despite having less growth factor activity for fibroblast survival.
Part of the growth factors in platelets may be destroyed after freeze drying and irradiation. Gamma radiation destroys the biological activity of some active biomaterials. Nonetheless, the number of living fibroblasts in freeze-dried irradiated platelets was still significantly higher than in the controls, indicating growth factor activity. Freeze-dried irradiated platelets changed the osmolarity of the culture media. Platelet-derived growth factors in an iso-osmotic gel preparation is preferred for clinical use. 9 The optimal concentration should be 30 µg protein/ml.
Sterilisation is an important step in cell recovery. 25 kGy of gamma radiation is the standard dose for sterilisation of all biomaterials, including bone, cartilage and fascia, and pharmaceuticals. [4] [5] [6] Freezedried platelets are in powder form and may need a lower radiation dose than hard tissues. Bacterial or viral contamination is minimal after the standard sterilising process. Concerning the bio-burden effects of gamma radiation, biomaterials contaminated with bacteria can be sterilised at a lower radiation dose in specially controlled environments. 10 More growth factor activity of freeze-dried irradiated platelets may be preserved using a lower dose of radiation. Quantification of various growth factors and the optimum radiation dose for sterilisation requires further investigation. Table 1 The number of living fibroblasts in the 4 groups * Significantly lower than other groups
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